Microarray technology is now routinely used to monitor genome-wide expression profiles. However, current microarray imaging and analysis packages typically require manual intervention and assumptions on alignments. Unfortunately, limitations and assumptions are typically undisclosed and methods are not published. To facilitate exploration of image data, we developed SignalViewer. This paper presents a description of the application. Availability: SignalViewer is available at http://qge.fhcrc.org/ signalviewer/ Contact: lzhao@fhcrc.org Supplementary information: Screenshots are available at the above location, along with downloads for Windows 2000 and Linux (Redhat 7.2).
BACKGROUND
Microarray technology involves the use of glass slides onto which spots of cDNA have been placed, representing different genes of interest. Biological samples can be processed to produce mRNA strands for their component genes, which can be hybridized to the cDNA spots on the slide. To compare mRNA from two samples we can attach a red dye to one sample, and a green dye to the other. Now relative gene expression levels can be determined by measuring relative brightness of the red and green channels of a spot. The spots are generally arranged in blocks with a fixed number of rows and columns. The number of blocks per slide and spots per block will determine the number of genes being analyzed.
There are several microarray analysis packages available, most of which function in a hands-on operator mode to extract expression data from microarray chips. For example, a popular package is GenePix. However, this requires the user to manually identify the different blocks on the array, and subsequent spot detection only allows for five different spot sizes, which are assumed circular. In many cases, dealing with ideal microarrays, this may be sufficient. However, the technique of array production has not been universally perfected to the point where most arrays are ideal. Common problems include artifacts on the array, scratches, doughnut-shaped spots (the * To whom correspondence should be addressed.
spot is a ring instead of a circle) and misshapen spots. The GenePix assumption that all spots are circular and fit one of the five standard sizes can often result in background pixels being included in the definition of the spot.
Another problem that is not obvious when just looking at the resulting data is that artifacts that occur only in the red or the green channel can result in data that erroneously indicates a strong signal. Without inspecting the quality of the original data, a researcher would have no way of knowing that the resulting ratio data are spurious and hence analytic results are questionable.
METHODS
With SignalViewer, we have tried to produce a package that is straightforward to use, offers the functions required and will also act as a foundation for the introduction of further tools and methods related to microarray image analysis. Most importantly, methods to be used in this package are subject to peer-review process, so that researchers can evaluate the validity of their results independently. A detailed description of these methods can be found elsewhere (Bergemann et al., 2002 , submitted for publication).
Blocks and spots on an array can be either located automatically or placed manually. This includes automatic detection followed by possible manual adjustment. Automatic block detection consists of taking cross-sectionals of certain areas of the array and using the 65th percentile values to create a less smoothed plot of expression levels in the x and y directions. Any peaks above a set threshold are considered to be rows (or columns) of spots, and hence the boundaries of a block can be determined by the number of rows and columns within them.
Spot detection operates in a similar way. In this case, the spot is defined by the first upwards and downwards crossing of a threshold by the cross-sectional. Bad spots can be identified and categorized by noting too many crossings or a lack of crossings of the threshold.
PROGRAM
From the users' perspective, interaction with SignalViewer can follow a specific workflow or can occur in a non-linear manner. Typically a user can specify the files containing the red and green channels of the microarray image (as TIFF files), and optionally the location of a file containing the names of each gene used on that microarray as well as layout information (the description file). Since microarrays are usually made in batches, one description file can be used for many individual array images. Once the files are read, an image of the combined red and green channels is displayed. This is sometimes a most illuminating moment for the researcher, since artifacts and noise on the array are instantly noticeable. As a result, the researcher may be inclined to investigate a certain area of the array in more detail, to see what effect the noise or artifacts had on the quality of the detected spots.
A block can be selected and viewed in greater detail. A new window is opened with an enlarged view of the particular block, and automatic spot detection takes place, resulting in a white ellipse marking the boundary of each spot. At this time, 'bad' spots are flagged using a red ellipse. A high prevalence of red ellipses in a block will instantly alert the researcher that the data may be of low quality. Spots may be flagged as bad because their expression levels are very low compared to background noise, because an artifact in the image overlapped the spot or because the spot was excessively malformed (e.g. the width is more than twice the height). A flagged spot uses a default ellipse placed where the spot would be expected.
Any spot in the block can also be seen in more detail by clicking on it. This will open a spot viewer window that includes the raw pixel intensity values. At this level, the bounding ellipse of the spot can be manually drawn to override the automatic value or the default flagged ellipse. A manually defined spot boundary is represented at the block level by a green ellipse.
At any of the array, block and spot levels, three extra visualization tools are available. First, a scatter plot may be created showing the intensities of the red channel pixels against the intensities of the green channel pixels. A good spot, for example, would exhibit a linear trend with a slope equal to the ratio of the red and green channels. A second tool gives a histogram of the intensities in the red and green channels. From here a researcher can compare the range of spot intensity values to the background noise level. The third tool creates a three-dimensional image of each channel, using the pixel intensity at each point to determine the height.
During investigation, the researcher may save current work in a file to be reloaded later. This file will contain the images as well as locations of detected blocks and spots, their flags, layout information and gene names if those were specified. Completed information can be exported to a tab delimited text file that can be read into spreadsheet or database packages. This export file contains a line of data for each spot on the array, including location, dimensions, flag, gene names and accession IDs as well as intensity values, standard errors, medians, number of pixels and background level estimates for each of the red and green channels.
Finally, a batch-processing mode is provided to allow the unattended creation of export files for a number of microarrays that are based on the same design. A layout file and pairs of microarray images can be listed for SignalViewer to process. Once set running, it will open each array, detect the blocks and spots, and create an export file as described above. In this way, a researcher can return to their workstation after processing microarrays overnight, and have a quick method to check the quality or information on spots within the array.
LIMITATIONS
With very poor quality microarray images, SignalViewer may have trouble with the automatic detection of blocks. This is because very low spot expression, or high amplitude noise, can produce poor quality cross-sectionals that do not exhibit clear peaks crossing the threshold.
CONCLUSION
With SignalViewer we have created a tool that will enable researchers to examine microarray images and have confidence in the validity of the resulting data. This confidence should come in large part from the access to published methods underlying the software. As a first generation product, it is expected that new features and alternative analytical methods may be implemented as they are developed.
